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iSCTOIlIEIBBaCTf 

I wlMt to IV gmtiti^e to 

4* PasodoY fm hi» mtim onooumeoMBt aoi 
atiaoliitlog goU&itoo px^rooo of tblo 

fllOOlJIt 

t 9m exotofol to w f 3rlotid 6 •C* Barol 

for hiM lamlsiiililo Iiolp In ooastxttetloo of oi^rlimM 
00t-4lp» 

I oloo riali to thmkf toohaloot staff of 
Cheoleal logiBoeriiig Bepartaont aM lr« B*S« Paodof 
for tka '^oaiJB* 





gradient Is sssstmzsi m 0*624 gisss tubs* Jli^ 
t!is sffset «f OB tm i^ase PBOsstixs frsatSBt 

Is also stoilsi* 


It is obasxirsi thmt &b m lnojrsase tlis tenperatorst 
tbs Tiweioall^ ^ Xiguii itoxsaiss* tltov^ '1^ a saaXl axtsatp 
thsrs la Xlttls sffsot oa prsamiBS graSIsirl abas tbs fXos 
is taxfbcilMRt stvatlf lad* faking data at bli^sr 
toa^xatinrsa Ci^iob la mt poaslbXs la ^ prsssnt oaas | 

das to tbs basaedoas aatass Imsoasnay aoaXd bars alma 
that XiiiaSd^Sdttid fXoa oaas imiXd jrlsld rsatiXta almllmr i 
to gaa»Xlitald saasp under auditions of lam XliQiild rlmaltiss^ 
fbs Xookbart and airtli^XXi oitrrss sotild '^sii asarXjr I 

rspesiaint tlis soablnsd pressnrs drop* 


In tlm prsssDt saas It la obaorvsd that thsrs la 
a aanetaiB dsrlatloB of fwom l^ldiart end lHrliiMiXXi*8 
(tarhnX^ti-ttiihaXsiit) currsa for lliold-^as flow* 




tusteleat xwginB* fh« two itiAse pMsour® gradiimt for 
ll^it id-linn Id ^8t@ii em b« p^lrtod \if th9 enuotioB 

m ff is ratio of too sliaoa proamtro gradioat to 
proaaitro gradioat i^eo 0mmm are flowing alone and 1? i» 
of preamre gn^ient itieii lore irlaeimo flowing 
aloiia to freeware gradient of lean wia^no fl^mring 
alone* ll*s are none taut a* 
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fhtt eostaet 9 f tm IIquMs is snsoimtsv^ 

wlisl^ Is elitsieai mA pstsolssis Isisst-rios* Th9 dsslgs 
0f tslaules ssoetorst sx^stiaa s^uipusets 

ssd pipslisss fss ^s liQiiSJI ^BssfsstsitsB dspssd os 
tlis lesoirio%s of flo« oSsssetovislios of IS^s sintitimootts 
msmmn% of iasiseibio liQsias* Alt^ooito ^oso is s oonsS^ 
isrsblo saosst of pibiiShoS iitfoim'liOB os 1£ho fios of 
liQsii gss ffisi ilQoii solii slaetosos, tlissMi is Xittis os 
tlso flow of lisiiiS*»lissiS 


Oss of tlw SOSO istosostine ssS potsstlslli’ 
ssefsl sssoeistoS vitli tlis simltsiioosst Itori-* 

sostal pipsliss flow of too lBOOf^ro8Si1»lo ftsids is iSio 
foot ttmt %h» ppossitso gsaSiont ssd posts irotsisostst' * 
itooessasp for ^o flos of tit liort riseoBS piisss at a 
gloss ra^ ssr ^ sststastlall^ rodsosa hy ^s wmmtm 
of ^ loss Tissoas itisst* The aost ooma praotloal 
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t«iia©i!Cj ©f tw® m& pjwjane* 

a flow to atotob tb« aotiiHi wirfae# of tisa plpa la to 
oantaot wltlss taaa TSaocma ptiasa* 

Steatlf tod flow waa ofeaoirvti hf iwwfeta* of mAmsm 
fiar flow of oil asd wstor to a horl^atal 
tl)to oaii ^ with &T wltooot totajdtacial waroa* tod 
totaroattog xwaalta mm ohatwawi with sewapoot to pliaaa 
atahllltj 81^ totoiifttstol atxwotawo* Also atmtlf led flow 
pitton waa otomswed fow both ^aaea laaiiiart^laatoitot laatoaof 
tortultnt and towhaloai-to^lmlontc 

fk9 nmml apfroaoh to too aoaljsit af tawlmlaat 
atwatlftod to o»i^llf toi hj too wowlc of 

Haorattl'^'*^^ a»d Shoaror^'*^^ for gaa llooli djatoa* 

Attoattoa to fooawi^ oa om» ihaao idiito la iiortog faator 
to iotonliio tha drag effoot* fho fluid valooltf to tola 
phaaa la aaaaaed to follow a logiartliato ilatrlbattoa fro« 
whlto an oftalwatost totorfMial roii^toaoaa paraaatar to 
daiaeai oa too taala of walooltjr -prof Itoa or proaaara drop 
iato* flila approaeh la fairlf aaoooMtitol itooa appllnl 
to toa dfatttfi to whleh too i^mm wolooltiaa aed idiaaa dopto 
ara of dlffaraat wigaltado aad alaoo wolooll^ dlatrtoatliiB 
to tha alowar pliaaa caa he Sgaosodf if toalaar* aad haa a 
aaall partorhtog affaet upoa tha pmfllaa of toa faatar 
idiaaaa# 

to toa praaoat worhf two Inltolbla Itdalda * water 
aad Istroaaaa loa atodtod for toa atoatif lad turhalaat* 
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tttrlMleiit flow in m 0*62 ineti ?s@@iwr6 i£op data 

tair ateatif led (tevimleat o** tarteleat) flea to pipes to 
iMitoi oexsetoted to ten^ of Looldiart and lertli^lll 
pawwetem^^^. 

Effect of teaperatore oa the piseewae ipop of 
tm phase flow to also amlf^ to tesm of Iioehhart sad 
Harfeiiielll papaaeteiM* The too phaw prespire gwsdtoot 
for Ito^ld-ltoi^ld sirste® to predicted hf a aatheaattoal 
eqmattoa* 


m m m m m 



flmm to itolto • lot of vork dooo oo flow of too 
limiootold floita to « pipe liiio zoetuigiilor oonSoito 
to tlio toot iooaftoi tut look of oodozatmil^ tiso 
^olAotoe of tk« toleiii^ttos kotoooii ti^ ftootog ^hmmm ktti 
toon el«i»rto fototof out bjr imabos* of ootonvon k tortof 
roTtov of fluui of theto otoitoo to psoMotod to this islieptoi** 

l^srlsOf tovtor aoi Ho^soa^^^ stiiAtoa ths faetops 
offsotlBg tiis tpassfopt of omio oil with tlio holp of water 
to plpo lines* os» up with th» c^solttstos tost 
sdlSittos of tocvesslis^ ssowitt of water to oil i^toh to orto 
gtoia.lf to toatosr flow lowers toe lafessore fErsaiest to s 
sliilMiSt after totoli tlie sadltton of mm water toezesaes 
tlie pfessiise gr^lestt sni wito staff to lest wster« toe pxessixBe 
grsitost eseeeis tlie pxeeeuse gredtoot for oil flowli^ sloiwt# 
AsA m m ksow tlist stoliitis fsesetare gpsdlsiit lests to lees 
power rtiolreasst neoeeesiy to pnap a gtoas tw^Sitl'^ of oil* 
flito to iwe to to# fact toat by addittos of costiollei ««aatity 
of wattkr to a rtoooiia an^e oil leada to a ooseentrto flow of 
oil m& ewtor# to wator» whtol) to lam wtoema form a amittoa 




reteettoB faetor ftt>a 1*12 to' 1*31 foB itff«r®8t 

Tlaeaait^ of olla* 


srtduotl^B footora mm iKtosidoimbljr 
loiror miliioa and tlsis ahoim Hmt mvo 

Mitioii mA aIxSiNS ftt th9 oil «ator intsiffiMs* fsodaooo & 
a.li8lflo&Bt 2»4taotiiOB is tl»t pmmmm irailont* 

lot @«aaAll «»d fooiii OB'! fhatf vltan 

^ooiatioal iwaiilta tm tmmimat flmt olitaiiioa ^ ^9m$ mm 
mmp9m& wiHi oii^rtaBiital iata of liiooollt Hodfooii «iii 
§Ot*iOV^^^ f<^ laiBifOll'Ittl flOK of aiBOBOl oil iOi INitOf .|» . 





however, a deviation between the experimental and the 
computed results developed. The deviation increasing in 
the anticipated direction as the Reynold number of water 
is increased. They concluded, that this was due to the 
fact that the maximum pressure gradient reduction factor 
was between 25?^ and 65?^ and flow of water was turbulent said 
oil laminar, 1 general expression for velocity distribution 

was derived by Charles and Mil el ^t^^^ with the assumption 
that there is no slip at the wall and interface. They obtained 
good agreement with experimental results for leminaivlaminar 
flow hut significant deviations for turbulent regions. This 
'wa.a due to the Interfacial velocities becoming apparent. 

f C \ 

CQiarles and investigated for oil in 

laminar and water in turbulent flow experimentally and also 
studied stability and interfacial waves in co-current flow* 

They used a rectangular transparent conduit 1” x 8* cross- 
section and oil, water viscosity and density ratio was 5»35 
and 0.82 respectively. Ohservatlons restalted in different 
type of interfacial structure as the Reynold number was 
increased. When both oil and water was laminar the region 
was characterised by a completely smooth interface, is the 
water flow rate Is increased turbulent patches were ohs^rred. 
Goinold«at with the appearance of -birbulrait j^tcheSi inteiv 
face waves wfflre observed to be dlistuj&bedby two dimensional 

waves i*e, waves having crests normal to the direction of the 
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2^* fhla dwlatiOB to tho fact that foif all 

aaparlotata la grastay t'«aa oaa i«a» tim tm phaaa 
Cla«tea»»tiir’l»laiit) prasaa:^ firop la gaaeral aansaadia i^a 
pyasaiiya dsap for ^a floa of ^ra ▼laeoaa pisaiai aloaa* 

lo» »ar!jy and W,l, atadlad velocity profile 

data for both phaaea of oocarraiit atratlf lad flow ayataa of 
tws l?3ralTOlbla lloaiia«'rfifatar and Isaroaana • In tnrbolant 
iwglae* She aoolpiiaist aai^ for asparljawata ooaalata of a 
tranapadwtat plaatia ohmml 15 ft* long and I1|r" x 2i* croaa- 
aaotSon* A aaparata racimiiilatliig ayataa waa ir ov:yiad for 
i&a i^aaaa* 

flia usoal approach to the analyala of tssmbalmt 
atratiflad flow nyataa la ararapllf Sad by the work of !!«aratty^^^^ 
and ihaarar^^^^ for gaa lion id ayataa* Attantloa la focaaaad 
on one ^aaa w!ilc}i la mv%m faatar to dataraii^ the dm^r 
affect* The fluid valoclty in thla phaaa la aaaaaid to ''follow 
a log dlatrilmtion fzoa whldi an atalvalant laterfactal 
roagl3aea paraaetar la daduoad'oa the baela of velocity profile 
data* fha valooity profile data waa eorralatad liy a aathod 
wliicli coaliiiiad 1*al*8 rami It a for flow ba^wiafi parallel plataa* 
fisa natliod yield valoaa for both iwJLl and Intarfaclal dmig 
ooaffielimt liiiah. ^n^alatad with flow propartiaa of tm ^aaa* 
All dapajidafit parameter except intarfaolal tfiaar raaoltad la 
aysmetrioal corralatlon* Intense lal drag waa fomid to dapai^ 
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frliwplly ttjp©ii til# flow intonslt/ of tJio wppwr pliaet 
upo® i*icl5 - la «K>Tliig fiiattr* 

laiNixf&olal tlhmm mm dof laod m 



rt ? t * (*^2 ^ 


i^oto f| * mmn drag eoofflolaiili &t iatozfiioo 

1 ' <» latofi^tod mm ft*/me» 

f m doUttil^ l%*/ft*^ 

1 tiao Kfwsii^od irwlooltjr ft*/8wa» 

1 • pliM* 1 

2 •» #«UMi 2 

i * iau^mm 

• •••#' 





WEmimmjia, 

A* iaroyitatatai 8tt«opt 

fba ai^aiieiaatai mt up far atudj af t»a i^aaa flaw 
af t «0 imlaoililja llQulSa <* watar aad feasoaoat • was dtoa^aatfy 
fabrieatei asi aaatiiitei* ft aaaalata.af ijmhmm 
giasa tuM with t»o prtaaura tapa 4 ft* apart* Itor atarlU^ 
aaS luapiag all aad iiatar tm galvaalaai tiba Srumi af 50 lltraa 
aapaaltf mm ti^a* fa p&m avatar a rab^r i^llart 3/4 I9» 
^atrlfbgal puap aad far immmm a U a 1 IF ^atrifligal 
puip mm ttiiad* Babbar li^llar la uaad far aatar aa It ta 
baatai bl^r taniaiwtaraa* Am natar flaw rata la wlaA 
awar a wl&a msem^ a 1 li^ bfpaaa IIim la uaai wblla far all 
a lath fipa la fittai* An arlflaa plattf i^leb bai a 
aarafuiljr irillai 1/4 liiab diaaatar bala eoaaafitria viHi 
1/2 liiab pipa la aauatai as ^tb ail aai watar IImi wltb ttm 
balp af flaagaa aa abawa la Fig* 1» fba 5 ft* lai^f glaaa / 
tuba la aaanaatai. batwaaa twa flaagaa wltb tba balp af flawibla 
tttbaa ta ariar ta awalA brtabii^ af ^ba* Watar and all 
alxlufa antar toba frao a 1§ iaeb dloiatar aai 1 ft* laag 







hmil 

iM%^- 


®4P|f* 


yi dia. hole in brass plate 

/ Brass tube 1V2 l.D. 

/ Brass flange 











water axe ecHipletel^ tet aoae aalaMaip oil, 

water were to be Me& at tiaBs* 


it^r freeawxe irof «ia« 2 rewdQt» a U«4tibe Mif»»»iter la 
aaedt Ae tm I lobe of t7«tabe mmmt®T are oooneoM witb 
preoMire tape os gtjuwi teat i^otioa wIM flexible 1/4 iseli (HD* 
tjmssparest bl^id sseS is sasoweter ta oarbostetra!-' 

ohlorMe (Jtppeafiix A)* fbxee wbj atop ooeles are attaohei os 






t/S inoli hmms pip» of Btirem (alxtert) 

Bfteir Ute %•»% metion %m aiso asasKirBa ^ Si«l tjp« 

tliesaoiietBV Masux^a all atoragt dna tawsp^m^ 
%wmm tassparatura ©f hoUt ©11 ani watmT flisauld M 
©tuallMit %la 1© a©l:i«vea iisvtug a ttiapiraliim mmtm 
a«Yie« Ccoslstaiie© tjpt) In wmt&r tmak o©im»ot«d t© m m%w 
«hi©h In Is ^nnoctsi 1© s tsapsi^stes sseoirasr <«> ©©Btxsllsv^ 
fhs xsie^ Is sis© osassetsS to tlis ImMiasioa lisstsv ss sl^otn 
la elstmit dlsgsss (fti* 2)# fhs tsitsi»tiiif© 

©oatcsllsr Is iwniatsa on tfis psasl )>osxd mi saj isslasi 
tsispsratoxs em bs sajsstsd* Mttew His Assist tsspsxstiixs 
is assobsd tbs -powss to tbs Inersloa hsstsr is swltolisA oft : 
satoMitleslljr* 





Temperature 

controler 



V. V < '* / ’ 1 


Fig. 2“ Circuit diagram tor temperature control in water storage 
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40*0 s!i4 50*0)* ms9 wt 

mm thm mtnlmm fSji®!-* pi tat far 1« 44*5^ • ^msmtmue 

it wlii 'bm 1iiiiar4oii» to aoe icosooooo mbrnm «lnlKi« ftaiii 
point* 






In & aluller way pz^nanrii drop Infomwtioii Sji 
QhtSkim^ f9s differoot to^raturoo* It la laportiiit to 
e^i^rfO Ibat flow la atratif lad m& flow rataa of totli ^a 
pliaaea art attoli that Bt^aold aai^r la greattr l^aoa 
Jyi attan^t waa i»do to loMp tho flow spatto of both tha phaata 
eant at diffa^i^fit ttoparattirta* 

Igteaiiltoii* 

km afftot ©f ^^tratart ©a prteaort gradltat 
of to© i«ilJKiihl.a tifiiide «• aatar sad 'ksmamm «• waa 8tudlad» 
tho Tlaaositlaa and dona It lot art rtqtilred at diffoiroBt 
tt^ra^rta* Iht apaelfio gravity waa ataaortd with tha 
halp of f ai* apaeifla gravity ^ttla at Iha liquid taapara* 
tiirat of 2©^, 50*C, 40*0 mM 5©^, fSm watoao of wlai^al* 
tiaa for hath oil laid water were olitalaad hy m>ai^ropli^^^^ 
at the ahowt raoalrad teifo ratoxwa* falaaa of both vlafH>alty 
and daaalty are glraii is Atpai^ix A* 

liparlaeal^ da*to ©htalaad wader warlmta aoaditioaa 
are a.-.svm la the fahlea It II# III and If# 
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lESHtfS MB BIKJtrSSICMS OF 

wmmm 

locifcarti find lart f»|J08®i a wirtliai of 
j^S^aontlag data for tha flow of I loo Id gaa alxtosoa la a 
horlaoa'INil plft hmm& m tm paranotara mid 1 ^* Bioaa 
paimaiitaro oo« be ioaerallmidt If the FJbawis wexe eoaatiesed 
aa mm Fiamms Itaa Fi«eoaa» fboa fl^ la rat So of two 
pbaae pxeaaara gradieat to tbe preaatire gradieat for mm 
Flaooua flwii f lowlsg aloi^ aad alwilarljr la def fjied for 
leaa vlaoima pbaae and la def load aa a ratio of pvmmm 
gradiaat for aore Tiaeotta flowing aloi» to ttie piseaaoxe gradiant 
for tlia leaa riaeona flowlj^ aloaa* !^aae parmtara tm 
obtalaed for Fariona teaperatarea C20*C* 40*C and 

and the ealotilatad Fa^aa ot and ^ for Farloaa rana 

i» atratif led toitmleat^tarboleBt rag loo are ahowa In fablaa 
?Xf ?XI mti Till* ^nple oaloolatlona are aboaa ia dpfaadlx 



m fsesaisi* «*©f | (A Tiaeotia fhaw mamre girsiieat i^b 

* ttmSjem aleiw# Cail)* 

( A. f). »i BeaaoBxa far 1««@ ’riseaB* flawla^ elaBe, 
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It In idTImr noftl^slng Hie data Hta% pseemze 

gx«ii«»t fm liigh im %m ell H^eeld maibm aim* 

Be^aeli mUbeif# ft la eimeltided Hiat lliie wee ^e te raose ipe* 
emieeei letexfeeiaQl vamis ezietiBg ttsiew Hteaw eof^ltioiiet et 
miglmiB' WB^tmm ef wetew it fellm aiSitlre Im Hhlte. at h%ii 

oU Itmli eeeiteim mi hm water WtfmM sai^re tt net 
feliew iilittlte tm eei the twe flia^ preemire gMiileat le I 

jte^ieei# Jke t!» aere wle^tte ^leec Ceil.) f lewe la fua wmilae* | 
iesea^tlee aeie far m&wmeim the free«tze greftleat Se that t^e f 
le imifetBi freesoxe at tl» ^ese-i^eeetiefi i» m eloeei pive^- 



pppi^|iWi mmm KmW 

k* jgdai .iituh.^.1. t Ji jjt Mt jMu. M ~-^ 

; 1 wW 18 


taAvUi* Htta* 0» im pJ»m vm~ 
mmntmt •» itiii im vnarn 

iMlBMr tu*al«i« tU"» 






tmm wsi m sbomi in f%« 3 

GHi flitt 4» It Is mt&mX t»i> ]^imm p:i»8Mir« 

dzop is iNilse thsB tti&t pss^ietsi %f Xioeltlisrt aaS 


Stotiaslli* At liiglisv tsspsrstnsrssi it Is obssirvsa thst tufs 













Fig. 6~ Generalised ^plot of <p^ vs. for Liquid- Liquid flow. 



tM eoiscliisldiit 1% wmtM apftar that tha pas^sutayst 
and 3^f will he eetflii la eeip^letl^ data fev the flev of 
two laaiaoihle lloaide la a oloeed ooi^alt idiea hoth ^e ghaeee 
axe ttixlmleBt* Bie effect of teapearataxe oa pxeaeiixe ixadieat 
ie alee teiea iato eoaeldexatioa to toe geaeretiiwa oitrfee* 
the eoaattoD fox pxeaietlas tfm pxeeeaxe txop toi 
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9* HiOTtift Hot!# and Alcimt l*# A*f*0li*l«l«t foi* ^2* 
i®*5»ii2 0m>9 

1g* fon^t f*H* Ctotaf BdHtori Claoalool, Hand BomlCf 

4^ Id* fFiHl* Ctfdd)# 






fiseoaltj Specif la ¥i«ia8l^ 


Tlsccsltles df water and kereseat fxa» i^aetrapbe 
Desaitf of eas*boBtatrael5l.oriia • 1*5^ i8i*/e«’{8iBsowti 


■ 

o»m 

1.054 

0 

©•995 

Q*mmi 

€5 

©•990 

©«45iO 

1 

©•i^ 

©*5494 


20 

©•^ S 

50 

©•815 S 


0.815 1 

5© 

0.81 1 


n 


Mmm^ 

and awrtliwlli Wm3tmmt»T» tme 


s 

4 

j? 

344^0 

3.41 

0.01 

125»6 

4 *^ 

0*04 

49#5 

@tO0 

0# 

tf *4 

12.40 

0.49 

is«i 

18.6 

1.00 

9*6 

38.6 

4.00 

5.65 

90.0 

16.00 

1.85 

118.6 

49*00 

3.06 

W '*0 

100.00 


♦ # * # 



jgTEima c 


SAiPiE cmmAfmw 

ImMe I ■ 20*€ 

M»mii!Sg l0#l 

Oil flow rat® • f5*5 innate# 

Vatar flow rate m i5 g^eeo. 

BejnoM !lo* le • WCn. m |£ 

i^ere 2> • itawter of ta'be io eaa* 

6 • Flow rate per wait area 
per amas4 (ga«/e«^«®ee«) 

, -• fiA^eiatf (polira) 


flierefore ell le 


Water iet- 


. gA.±,J4a.,3i,,,i., ,„y 

(umf X 2.4 X tcT^ 

• 3720. 

» §1jl1»S3S. jl£^. y 

(t.575r X t,05 » 10** 

• 3000 


Oel. SHiioaeter teadlaiai 


AB^ m fm ph&m preame Orop aa Belglt of Oel^ Is naseaeter 
m 1S#3 ©ae. 

A ll» m Freseore drop aa tie If lit of Oel. im aaooaeter i^ea ell 
* Is flovlog alose • e.5 -eiaa* 

A % m freseare imp as lielfilit of Oel^ Is aaseaeter e^es 
■“ »e^r la flowii^ alose • 3*® omi* 
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m 1B*5 (1*5^ •• 8*ff8) 
« 11«02 


Wh®3E« / m B®ii»ltjF of 

ffh m Benslto ®f 

C©1^ 


CAP>^ » 6,5 (1,5^ • 0*99i) 

• 3*87 * 

ii f ,8 ( 1,595 • 0 ,f^) 

#11' ndiitfjittlk JF 

• 5,87 gvcs 


IfOitoarfe and &je® ealealafead «» follmmi 

4 -2.85 

.1.88 

{ A f»)^ # f 

M a “ 0,884 






fhe Talue of oonatant are as follows i 
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=1 



4.6295 

'ISSK 

-2.9695 


1 .0471 

m 

’^*4} * 1 2 93 

end 

itt 

0.9191 

ss 

1*9647 

IK 

-O.49I8 



